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Loop quantum gravity can account for the Bekenstein-Hawking entropy of a black hole provided
a free parameter is chosen appropriately. Recently, it was proposed that a new choice of the Immirzi
parameter could predict both black hole entropy and the frequencies of quasinormal modes in the
large n limit, but at the price of changing the gauge group of the theory. In this note we use a simple
physical argument within loop quantum gravity to arrive at the same value of the parameter. The
argument uses strongly the necessity of having fermions satisfying basic symmetry and conservation
principles, and therefore supports SU(2) as the relevant gauge group of the theory.
PACS numbers: 04.60.Pp, 04.70.Dy
I. INTRODUCTION
Loop quantum gravity (LQG) has become in the past
years a serious candidate for a non-perturbative quantum
theory of gravity [1]. Its most notorious predictions are
the quantization of geometry [2] and the computation
of black hole entropy [3, 4]. One of its shortcomings is
the existence of a one parameter family of inequivalent
quantum theories labelled by the Immirzi parameter γ
[5]. The black hole entropy calculation was proposed
as a way of fixing the Immirzi parameter γ (and thus
the spectrum of the geometric operators) [6]. When a
systematic approach to quantum black hole entropy was
available [4], this was used to fix the value of γ to be,
γ =
ln(2jmin + 1)
2pi
√
jmin(jmin + 1)
(1)
where jmin is the minimum (semi-integer) label for the
representations of SU(2), responsible for the entropy of
the black hole. At that time the most natural assump-
tion was that jmin = 1/2, giving an Immirzi parameter
γabck =
ln(2)
pi
√
3
[4]. Recently, Dreyer made the bold sugges-
tion that there is an independent way of fixing the Im-
mirzi parameter [7], using very little information about
LQG. The new approach is based on a conjecture by Hod
that the quasinormal mode frequencies ωQNM, for large
n have an asymptotic behavior given by [8],
MωQNM =
ln 3
8pi
(2)
This conjecture was recently proved analytically by Motl
[10]. The conjecture of Hod was within the framework
pioneered by Bekenstein in which the area spectrum is
assumed to be equally spaced [9]. The argument used
by Hod and also by Dreyer goes as follows: One assumes
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that the relation between area and mass of a non-rotation
black hole is given by A = 16piM2. Its variations are then
∆A = 32piM ∆M . If one assumes that the variation in
the mass is due to a quanta radiated with energy Erad =
h¯ ωQNM, and uses the relation (2), one finds that the
change in area is given by,
∆A = 4 ln(3) l2P . (3)
Furthermore, Dreyer assumed that the change in area
is due to an appearance or disappearance of a puncture
with spin jmin. Thus, one is lead to conclude that the
Immirzi parameter is of the form
γd =
ln(3)
2pi
√
jmin(jmin + 1)
(4)
Consistency with the Entropy calculation forces one to
take jmin = 1. Recall that the area contribution from an
edge with spin j is given by
A(j) = 8pil2Pγ
√
j(j + 1),
and the entropy is given by
S =
A
4l2P
ln (2jmin + 1)
2piγ
√
jmin(jmin + 1)
As Dreyer recognizes, there are two possible attitudes
one might take:
(1) One assumes that the jmin = 1 is due to the min-
imum possible value that j can take, even at the kine-
matical level, in which case one concludes that the gauge
group should be replaced by SO(3) (instead of SU(2));
(2) Think of something else.
Giving up the gauge group SU(2) is, at least to the
author, an undesirable step since one would loose the
ability of the theory to incorporate fermions. The pur-
pose of this note is to propose a physical argument within
loop quantum gravity, that allows to keep SU(2) as the
gauge group, and at the same time have a consistent de-
scription with the results of [7]. In fact, our argument
2is strongly based on the requirement that fermions are
contained in LQG. In the following we shall assume that
fermions are included and the gauge group is SU(2).
This note is organized as follows. In Sec II, we present
our argument within the loop quantum gravity formal-
ism. In Sec. III, we reconsider the argument of quasi-
normal modes in view of our conclusion of Sec. II, and
discuss the implication for the loop quantum gravity pro-
gram.
II. LOOP QUANTUM GRAVITY
In this section we shall focus our attention entirely to
the LQG formalism. Even when the following considera-
tions are motivated by Dreyer’s results, from the logical
point of view, they are independent. Let us consider the
physical process that would give rise to the QNM fre-
quency [7]: an appearance or disappearance of a punc-
ture with spin jmin. We can think of this process a being
responsible, for instance, for the growth of the BH when
an edge that was “free” gets attached to the horizon. The
inverse process could occur, say, when the horizon gets
excited and then “emitts” [13].
Now, in the process of disappearance of the puncture,
this edge becomes an open edge in the bulk. If the label
of the edge were j = 1/2, then the only way to make
the resulting state gauge invariant is to have a fermion
sitting at the end of the open edge. However, this pro-
cess would violate fermion conservation! One could argue
that at the same “time”, another similar process takes
place on the horizon such that fermion number is con-
served. However, a simpler attitude is to ask for local
conservation of fermion number. Thus, jmin = 1/2 is
forbidden. The minimum allowed value for the “spin”
of the resulting free edge is jmin = 1. In that case, a
pair of fermion-antifermion could be attached to the end
of the free edge respecting gauge invariance and fermion
number conservation. From this perspective, the attach-
ment and dis-attachment to the horizon of edges with
j = 1/2 is a “forbidden transition”, and j = 1 is the
minimum allowed value of j that can puncture the black
hole horizon, and be responsible for the dynamical pro-
cess of edge emission and adsorption. Note also that, if
this picture is correct, one can only have integer values
for j touching the horizon. Thus, even when j = 1/2 is
allowed kinematically, it is the dynamical consistency of
the model that restricts the minimum j involved in the
“bulk-surface interaction”.
Given that we are also considering the reverse process,
namely when a free edge attaches to the horizon, a pro-
cess that could be responsible for the black hole acquir-
ing area (and mass). Then one could heuristically expect
that most of the area of the black hole comes from this
type of process, if the black hole was formed by a dy-
namical process (as opposed to being an eternal black
hole).
A possible conclusion of this argument is that in this
new picture, the main contribution to the entropy comes
from jmin = 1, since these would dominate over the
j = 1/2 edges. If that is the case, then one is lead to
conclude that the value of the Immirzi parameter is the
one consistent with this value, namely γd =
ln(3)
2pi
√
2
. Recall
that this parameter is a free parameter of the theory. If
LQG is going to be physically viable, then one is allowed
to make a choice of γ only once. This choice has to be
consistent with other situations, or “experiments”. Since
the computation of the black hole entropy when mat-
ter is included (Maxwell, dilaton, non-minimally coupled
scalar field), as well as in more general geometrical sce-
narios, such as for distorted and rotating horizons [12],
also yields the same value of γ, we still have a consistent
theory.
This is the main observation of this note.
Remark. Even when a detailed picture (i.e., a Hamil-
tonian) for the dynamical situation here considered is
still to be constructed, the main principles behind our
argument, namely gauge invariance and fermion number
conservation should be satisfied by any such description.
In this sense, our argument seems to be robust.
III. DISCUSSION AND OUTLOOK
In the previous section we have argued that the ex-
istence of fermions, together with a simple mechanism
for adsorption and emission of edges is consistent the the
minimum value of j = 1, we can now return to the argu-
ment by Dreyer. In that case, the change in the area that
comes in the thermodynamic argument, complemented
with Bohr’s correspondence principle, is consistent with
the (dis-)appearance of a j = 1 edge.
Needless to say, this is a somewhat heuristic picture,
and some issues remain to be solved. For instance:
1. The existence of j = 1/2 edges puncturing the hori-
zon is not forbidden (they would be something like
“primordial punctures”), but they must be sup-
pressed. Thus, one needs a dynamical explanation
of how exactly the entropy contribution is dom-
inated by the edges with the dynamical allowed
value, namely j = 1.
2. The derivation due to Hod and Dreyer is based on
the assumption that one has large black holes for
which the entropy is proportional to area and for
which the thermodynamical relation between area
and mass is valid. One would like to have a com-
plete and systematic understanding of the picture
at “small” scales, that is, near the Planck regime.
3. The heuristic physical process of conversion of area
quanta to matter quanta via the “emission of an
edge” is, of course, very rough. One would like to
have a clear picture of this geometry-matter tran-
sition.
34. The existence of a universal limit for quasinormal
modes frequencies (depending only on the macro-
scopic parameters of the BH) for non-rotating un-
charged black holes is a remarkable fact. An obvi-
ous question is whether such a dependence exists
for charged and rotating black holes, and if in that
case, there is a physical picture within LQG that
can produce such frequencies.
5. Closely related to the previous point is the ques-
tion of whether one should be able to reproduce all
possible QNM frequencies (such as overtones) from
allowed “transitions” in LQG (such as the emission
of two edges). This in particular would involve a
departure from a “Bohr correspondence principle”
to a detailed spectroscopy, which requires a precise
understanding of points (3) and (4) above.
The Black Hole entropy calculation is amazing since it
combines many nontrivial facts about Chern Simons the-
ory, loop quantum geometry and thermodynamics. If we
add the requirement that fermions should be present, we
have the highly unexpected result that the (asymptotic)
QNM frequencies, that know nothing about h¯ and quan-
tum mechanics, are given by a simple physical process of
“edge emission”.
In this note we have presented an argument within
LQG that supports the minimum value of j responsible
for the BH entropy to be jmin = 1, and thus making
LQG consistent with the QNM frequencies. Indeed, one
could even argue for a stronger result. Namely, one could
say that a consistent framework for LQG, incorporating
fermions and black holes, requires jmin = 1 and in fact,
predicts the QNM frequencies.
The emerging physical picture is slightly changed from
the original considerations of “it from bit” [4] since the
fundamental “quanta” that give rise to entropy come
from spin 1 contributions, as opposed to spin 1/2. A full
understanding of these issues is then a matter of most
importance.
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